In 1989 Ardinger et al' reported an association between two out of three restriction fragment length polymorphisms (RFLPs) around the transforming growth factor-alpha (TGFA) gene and non-syndromic cleft lip with or without cleft palate (CL/P) in white Americans. A similar study in an Australian population of Anglo-Celtic descent showed a significant association with one of the RFLPs at the TGFA locus. 2 Cleft lip, with or without cleft palate, is one of the commonest serious craniofacial malformations, with an incidence of between 1 in 700 and 1 in 1000 live births. In the past, almost every possible mode of inheritance has been postulated to attempt to explain the observed increased risk of recurrence of CL/P within families. 3 The most widely accepted model is that of multifactorial inheritance, whereby the trait is determined by the interaction of genetic and environmental factors. 4 However, recent studies using complex segregation analysis have suggested that the observed pedigree data can best be explained by the effect of a major gene, modified by various genetic or environmental factors or Confirmation of an association between RFLPs at the transforming growth factor-alpha locus and non-syndromic cleft lip and palate Hybridisation at 65°C was followed by washing filters in 0 1 x SSC/01% SDS at 650C. Subsequent autoradiography was carried out using Kodak Diagnostic X-ray film exposed for seven days at -70°C. The resulting autoradiographs were scored for the presence of the various polymorphic alleles (table 1) .
STATISTICAL ANALYSIS x2 analysis was used to assess allele and haplotype frequency differences between cases and controls. Haplotypes and genotypes were derived from the RFLP data where possible. It was not possible to construct haplotypes for those subjects who were doubly (or trebly) heterozygous for the various RFLPs, and this potentially could have introduced a disproportionate bias when comparing the frequency of the various haplotypes in the two different populations.
Results Table 2 shows the distribution of cleft types for the 56 subjects for whom information on cleft type was known, and shows the excess of left sided cleft lip, as has been observed in previous surveys." These data were subsequently analysed according to genotype (table 3) . Table 4 shows the allele and genotype frequencies for TGFA and the three enzymes under study. The increased occurrence of the TGFA/TaqI 1-7 kb allele (C2) in the presence of clefting can be seen. Table 5 gives the RFLP distribution in cases and controls. In a Genotypes for the TaqI RFLPs were compared in cases and controls. Homozygosity for the C2 allele was significantly more common in cases than controls (X2 = 12-05, p = < 0 01).
Genotypes were then analysed according to the presence or absence of a family history of clefting (table 7) and also by type of cleft (whether unilateral or bilateral) (table 3) . Twenty-one CL/P subjects, out of a total of 57, gave a positive family history of another relative with CL/P. Of these, eight (38%) carried at least one copy of the rare C2 allele, compared with 11 (31%) of the 36 sporadic cases (difference not significant).
No significant difference was found between genotype and the presence of a family history of clefting (X2 = 2 p71 P = > 0 1). Although the numbers are small, three out of four cases with a C2C2 genotype had a family history of clefting, and this represents 59% of the total X2.
Analysing the data by cleft type also showed no significant difference between genotype and type of cleft (X2 = 4.43, p = > 0-05). However, it was noted that the three familial cases with the C2C2 genotype were also those cases with the severe bilateral type of CL/P.
Discussion
The finding of a highly significant association between the TaqI C2 allele of the TGFA gene and CL/P supports the suggestion that this gene (or another very closely linked to it) plays some part in the development of orofacial clefting. Further analysis of the results shows an excess of the C2A2B2 haplotype in cases over controls, even allowing for the possibility that bias had been introduced (see Materials and methods), and also that the presence of homozygosity for the C2 allele is particularly significant. These results, combined with the findings of the two other groups,' 2 suggest that a mutation in the same gene (TGFA) underlies a proportion of clefting in all three populations studied (American, Australian, and British), which are predominantly of northern European origin. The fact that both our study and that of Ardinger et all found the C2A2B2 haplotype to be overrepresented in cases, compared to the control population, suggests that a mutation has occurred in a common ancestral gene of northern European origin. Sequence analysis should permit the identification of mutations which presumably could alter the timing, or the spatial characteristics, of the tissue specific expression of TGFA during lip and palate formation.
Although the numbers for the analysis of genotype by both family history and cleft type are too small to reach statistical significance, the figures do suggest that the C2C2 genotype may be more common in both the familial cases and in the more severe types of CL/P (three out of four cases with C2C2 were familial, and the same three cases also had bilateral CL/P). Cases with bilateral CL/P are usually given a higher empirical recurrence risk than unilateral cases. It would certainly be worth combining the world data for these parameters in order to clarify this issue by providing sufficient numbers for further statistical analy-S1S.
TGFA would appear to be a logical choice as a candidate gene in linkage studies using familial cases of CL/P, but our findings,6 and a brief An alternative explanation is that the TaqI Cl allele is actually protective against other genetic or environmental factors causing CL/ P. TGFA was initially selected as a potential candidate gene because of its known role in palatal development, regulating the differentiation and proliferation of palatal epithelial cells. It is possible that the Cl allele modifies the expression of TGFA during lip and palate formation, and, for example, causes early closure. This might counteract other putative 'clefting' genes that predispose to late closure of the maxillary processes or palatal shelves or both. In this respect, the presence of one or more copies of the Cl allele may be one possible explanation for the occurrence of non-penetrant family members in otherwise dominant CL/P families. This possibility should be considered in future work with TGFA.
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